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TMDL FACT SHEET

UNNAMED TRI BUTARY (UT) TO SOUTH FORK RUSSELL CREEK

Proj ect
Nane:

Locati on:

Scope/ Si ze:

TMDL | ssues:

Dat a Sour ces:

Contr ol
Measur es:

Summary:

AT RIVER M LE (RV) 4.85

UT to South Fork Russell Creek at RM 4. 85:
Chl orides/ TDS/ Sal i nity

Green County, Kentucky

Ur at RM4.85: RM 0.0 to 0.6

Poi nt and Nonpoi nt Sources

Kentucky Dept. for Environnental Protection
Division of Water (KDEP-DOW, SMC Martin

| nc.

KPDES Regul ati ons, Kentucky Nonpoint Source
TMDL | nplenentation Plan, Kentucky Wtershed
Fr amewor k

In 1993, the UT at RM 4.85, a tributary to
South Fork Russell Creek, was determ ned not
to be supporting the designated use of
aquatic life. Therefore, the stream was
listed on the 303(d) list for Total WMaxinmum
Daily Load (TMDL) devel opnent. The stream
segnent was inpacted by chlorides (in
conjunction wth total di ssolved solids
[ TDS], and salinity), the result of brine



TMDL
Devel opnent :

discharges to surface streans from oi
production activities (stripper wells). The
period of greatest inpact was during | ow
base-fl ow conditions. Currently, no oi
production activity is occurring; however,
the potential exists for this to reoccur,
thus the need for this TMDL.

Total maximum daily loads in pounds per day
(1 bs/ day) were conputed based on the
al I owabl e maxi mum concentration for chloride
(the standard for chronic exposure is 600
mlligrams per liter [ng/l] for warm water
aquatic habitat) and the estimated 7-day,
10-year lowflow value (0.00 ft3/sec). The
TMDL was done for chloride because nuneri cal
criteria are available for chloride but not
for TDS or salinity. Because these
paraneters are so closely related to
chloride, the TMDL for chloride wll also
account for inpairnents resulting from TDS
and salinity.

The total allowable chloride load is 0.00
| bs/day for the UT at RM 4.85 of South Fork
Russel |l  Creek. There are currently no
permtted dischargers of chloride (WAs) and
the 7-day 10-year lowflow value is 0.00
ft3¥sec (which is the  critical fl ow
condi tion). Therefore, the current |oad
from W.AAs is 0.00 | bs/day. The all owabl e



|l oad for contributions from nonpoint sources
and from natural background (LAs) is also
0.00 | bs/day because the 7-day 10-year |ow
flow value is 0.00 ft3sec (which is the
critical flow condi tion). Chl ori de
concentrations at t he contr ol site
(i ndicative of background conditions) were
about 4 ng/l during the Decenber 1993
synoptic survey, when the stream was
fl ow ng. However, because the 7-day 10-year
low-flow value is 0.00 ft?3 sec, t he
background |load is therefore 0.00 |Ibs/day.
Al so, al | owabl e nonpoi nt source
contributions (which would nost |ikely cone
from failing separator tanks or holding
ponds, or seepage from holding ponds) is
0. 00 | bs/ day.

However, for permt requests that may be
received in the future by the KDEP-DOW the
all owable loads provided in this TMDL wll
be nodified to account for the permtted
flow. The permttee wll be allowed 50
percent of the requested load (in effect,
meeting a chloride <concentration of 300
mg/l). The remaining 50 percent of the |oad
will be allocated to nonpoint sources of
chloride as a margin of safety (inplicit) to
account for uncontrol | abl e or unknown
nonpoi nt sources (failing separator tanks or
hol di ng ponds, abandoned wells, seepage from
hol di ng ponds, or other sources).

Vi



| mpl enent ati on
Control s:

Permt applications requesting to exceed the
50 percent allowable |oad allocation would
be approved by the KDEP-DOW provided that
the applicant renove an equivalent anount
from nonpoint sources in the watershed
(referred to as an offset), such as
separator tanks or abandoned hol di ng ponds.
At no tine would permts be approved beyond
80 percent of the requested load (in effect,
meeting a chloride <concentration of 480
mg/l). This would provide at least a 20
percent margin of safety (explicit) to
account for uncontrollable or wunidentified
nonpoi nt sources. The allocations were nade
in this manner because of the uncertainty of
the inpact of abandoned ponds and failing
separ at or tanks.

Di scharge permts were required from oi

producers starting in 1987. Thr oughout the
state, many of these permts were not
renewed by the producers because production
has ceased or has significantly decreased.
Production in Kentucky dropped from 17,700
barrels in 1986 to 9,400 barrels in 1996.
Correspondi ngly, production has decreased in
the South Fork Russell Creek basin. The
drop in production was likely the result of
a drop in crude oil prices worldwide in the
1990’ s, nmaking production |ess econom cal,

Vil



particularly for smal | er producers.
Chloride levels from nonpoint sources should
decrease over tinme as dilution |owers
concentration levels in existing ponds. In
this respect, this TMDL is a Phased TMDL.
Followup nmonitoring wll need to be
conducted to assess the water quality of the
stream The chloride level for the UT at RM
4.85 on Decenber 21, 1993 was 201 ng/l,
which is |lower than Kentucky' s water quality
standard for chl ori de. However, t he
bi ol ogi cal assessnent showed that the UT at
RM 4.85 was not neeting the designated use
of aquatic life, indicating that the stream
had not yet recovered (in 1993) from past
practices related to the disposal of brine.

Kentucky is currently conducting stream
monitoring on a watershed basis. Sanpl i ng
to determine levels of chloride, TDS, and
salinity will be conducted during the period
April 2001 to March 2002 in this watershed.
| f chloride concentrations are determned to
be below 600 ng/l and the Dbiological
community is no longer inpaired, then a
request will be nmade to renove the stream
fromthe list of inpaired waters.

If oil production in the basin appreciably
increases (which would nost Ilikely result
fromincreasing oil prices or an oil supply
short age), perm t conpl i ance wi | | be

viii



pursued, and periodic nonitoring of stream
water quality (including chloride, TDS, and
salinity levels) wll be conducted as deened

appropri ate.



CHLORI DES TMDL DEVELOPMENT

Unnaned Tributary to
South Fork Russell Creek at River Mle 4.85
G een County, Kentucky

| nt roducti on

Section 303(d) of the Clean Water Act and the Environnental
Protection Agency’'s (EPA) Water (Quality Planning and
Managenent Regul ations (40 CFR Part 130) require states to
develop total maxinmum daily |oads (TMDLs) for water bodies
that are not neeting designated uses under technol ogy-based
controls for pollution. The TMDL process establishes the
allowable |oadings of pollutants or other quantifiable
paraneters for a water body based on the relation between
pollution sources and in-stream water quality conditions.
States can then establish water-quality-based controls to
reduce pollution from both point and nonpoint sources and
restore the quality of their water resources.

Probl em Definition

The Unnaned Tributary (UT) to South Fork Russell Creek at
River Mle (RM 4.85 (Figure 1) was determned as not
supporting the designated use of aquatic |ife based on
information collected during a 1993 intensive survey
(Kentucky Departnent for Environnental Protection — Division
of Water [KDEP-DOW, 1995). However, South Fork Russell
Creek was listed in the 1996 and subsequent 305(b) Reports
(Kentucky Report to Congress on Water Quality) as being in
nonsupport (KDEP-DOW 1996; 1998). Therefore, South Fork
Russell Creek was placed on the 1996 and subsequent 303(d)
lists (lists of inpaired waters in Kentucky) for Total
Maxi mum Daily Load (TMDL) devel opnent. However, the listing
was made incorrectly in those reports. The listing should



Figure 1. South Fork Russell Creek Basin, Green Cou nty, and
Sampling Locations for the December 21, 1993
Intensive Survey (DOW, 1995)
[UT, Unnamed Tributary]

South Fork Russell Creek._
S
K 30-1,
\ 3[}“2-
"_UT at River Mile 4.85

¥, (Impaired Stream)
" a4 \

i _(J A
[l
(
0 1 Miles
T e ————
N
i 3 W E

e El"'w :

g o S




have been the UT at RM 4.85 of South Fork Russell Creek and
not South Fork Russell Creek. The inpaired section on the UT
is fromRMO0.0 to 0.6, which is the entire length of the UT.
The 1995 KDEP-DOW report on the biology and water quality of
the South Fork of Russell Creek (KDEP-DOW 1995) stated that
the stream reach on the South Fork of Russell Creek
i medi ately below the UT at RM 4.85 had good/ excel |l ent water
quality, but that unabated brine discharges in the Ul at RM
4.85 may result in deteriorated water quality on South Fork
Russel|l Creek. Therefore, the listing in the 305(b) reports
and on the 303(d) lists should have been for the UT at RM
4.85 fromRMO0.0 to 0.6 only. The stream segnent is inpacted
by chlorides (in conjunction with total dissolved solids
[TDS] and salinity) as a result of brine discharges to
surface streans from oil production activities (stripper
wel | s). The period of greatest inpact is during |ow flow
(SCM Martin, Inc., 1983; Evaldi and Kipp, 1991).

In the early 1800s, oil was discovered at sites in Kentucky
during salt well drilling (SMC Martin Inc., 1983). At that
time, oil was considered an unwanted by-product of the
process, but in the 1850s, the oil becanre a desired
comodi ty. Production was high throughout the early 1900s,
but yields, and subsequently production, have declined over
tine. For the past several decades, nost wells in Eastern
Kentucky vyield less than about 10 gallons of oil per day.

These are terned ‘stripper wells.’ Almost  half of the
producers own only one well, and eight out of ten producers
own six wells or fewer. Brine is also extracted during the
process, and for each barrel of oil, approximately ten

barrels of brine are produced (SMC Martin Inc., 1983). The
oil and brine are separated, and the brine is stored in a
| arge tank or discharged to a holding pond. Brine is
sonetinmes disposed of by injection into wells and is also



used to force oil in the well to the surface. Bef ore 1987,
brine was also discharged directly to the surface stream
The discharge of brine to the receiving stream adversely
affects aquatic life in the stream

During runoff events, contam nants such as chloride wll
typically nove rapidly through the stream system and becone
di | ut ed. However, during lowflow conditions there may be
only a mnor contribution to streanflow from groundwater
di scharge for nmany streans (SCM Martin, Inc., 1983).
Therefore, only limted dilution of the chloride that is
present in the stream or that is discharged to the stream
occurs. In addition, sonme of the flow that may exist in the
stream may be from di scharges of the brine solution fromthe
separator tanks (discharges or failing separator tanks) or
di scharges and possi bly seepage from hol ding ponds. Low flow
therefore represents the critical condition when adverse
streaminpacts due to chloride exist in the stream

Target ldentification

The endpoint or goal of the TMDL is to achieve a chloride
concentration (and associated load in |bs/day) that allows
for the sustainability of aquatic life in the stream The
chronic chloride criterion to protect VWAarm Water Aquatic
Habitat Use in Kentucky is 600 ng/l (Title 401, Kentucky
Adm ni strative Regul ations, Chapter 5:031). This criterion
was developed from a study conducted in 1985 by the
University of Kentucky (Birge et al, 1985) through the KDEP-
DOWN  Because the critical period of the effect of chloride
on water quality occurs during lowflow conditions (as
previously discussed), the 7-day, 10-year Ilowflow value
(7Qo) was selected as the design flow.



The 7Qo flow at the nouth of the UT at RM 4.85 was esti nated
to be 0.00 cubic feet per second (ft3%s). The estimte was
based on a conbination of: (1) techniques described by Ruhl
and Martin (1991); and (2) conparison of drainage area to
flow at sites in the Russell Creek and Little Pitman Creek
wat er sheds during lowflow conditions (USGS, 1994). There
are sone karst features (sinkholes) present along the
boundary of the watershed, but probably not enough to cause
flowin the UT at RM 4.85 when 7Q, conditions exist. There
are currently no active permts for the discharge of chloride
in the UT at RM 4. 85 wat er shed.

Because the 7Q, flow is 0.00 ft®s (and even though the
allowable chloride concentration is 600 ng/l), t he
perm ssible load of chloride (in | bs/day) at the nouth of the
UT at RM4.85 is 0.00 Ibs/day. The UT at RM4.85 flows into
South Fork Russell Creek, and there are no water supply
wi t hdrawal | ocations on South Fork Russell Creek. Therefore,
the use of a chloride concentration value of 250 ng/l, which
is the state’s criterion for drinking water sources, is not
necessary.

Sour ce Assessnent

Brine was previously discharged directly to streans during
oil production activities, but permt limts based on the
criterion developed in 1985 were required after 1987. A
crimnal case was being devel oped against the only operator
in the watershed for directly discharging brine into the
stream That operator subsequently ceased operations and
abandoned the site in 1994 or 1995. There have been no ot her
operations in the watershed since that tinme (personal
commun., Reese, KDEP-DOW 2000). There are currently no
active permts for the discharge of chloride in the watershed
of the UT at RM 4.85 of South Fork Russell Creek. However



there are sone abandoned wells, separator tanks, and hol ding
ponds that exist in the (UT at RM 4.85) watershed. The
separator tanks and hol ding ponds deteriorate over tinme and
are potential contributors of chloride to the streans. The
abandoned wells and hol ding ponds are al so potential sources
of chloride during even small runoff events.

Li nkage Between Nuneric Targets and Sources -  Model
Devel opnent

Data on chloride were collected at several locations in the
South Fork Russell Creek watershed (Figure 1). The data are
included in a report by the KDEP-DOW (1995) for the Decenber
21, 1993 intensive survey. On Decenber 21, 1993, the UT at
RM 4.85 site and the main stem South Fork Russell Creek site
had a chloride concentration of 201 and 27.5 ng/l
respectively. The main stem site upstream of the UT at RM
4.85 and a site on a UT not inpacted by brine had a chloride
concentration of 4.4 and 5.7 ng/l, respectively. For the
1993 survey, streanflow values fromnearby sites (USGS, 1994)
indicate that the intensive survey was conducted during a
period of high-base flow, and that values were well above the
7Qo | evels. If streanflow would have been |ower, closer to
7Qo levels, chloride levels would probably have been higher
(because of limted dilution potential), but the extent of
this potential increase is unknown.

For the Decenber 21, 1993 intensive survey, the flow at the
mouth of the UT at RM 4.85 was estimated as 0.2 ft®s. Using
this flow value and the concentration value of 201 ng/l, the
| oad at the nmouth of the UT at RM 4.85 on Decenber 21, 1993
was 217 | bs/day. The chloride concentration value is |ess
than the water quality standard of 600 ng/l for Warm \Water
Aquatic Habitat. However, the stream did not support the



desi gnated use of aquatic life as described by the KDEP-DOW
bi ol ogi sts (KDEP-DOW 1995). This seens to indicate that
remedi ati on may occur over tinme as the chloride concentration

continues to decrease. The watershed is scheduled to be
sanpl ed again between April 2001 and March 2002. |If chloride
concentrations are still below 600 ng/l and the biologica
community is no |longer inpaired, then a request will be nade

to renove the streamfromthe list of inpaired waters

TNVDL Devel opnent

Total maximumdaily | oads (TMDLs) are conprised of the sum of
i ndi vidual wasteload allocations (WAs) for point sources,
| oad allocations (LAs) for nonpoint sources (which include
natural background levels for a given watershed), and a
margin of safety. The sum of these conponents nust not
result in the exceedance of water quality standards for that
wat er shed. The TMDL is the total anount of pollutant that
can be assimlated by the receiving stream w thout violating
wat er quality standards. The TMDL docunent establishes the
al l omabl e stream | oadings that are less than or equal to the
TMDL and thereby provide the basis to establish water-quality
based control s.

The total allowable chloride load is 0.00 I bs/day for the UT
at RM 4.85 of South Fork Russell Creek. There are currently
no permtted dischargers of chloride (WAs) and the 7-day,
10-year lowflow value is 0.00 ft% sec (which is the critical
flow condition). Therefore, the current load from WAs is
0. 00 | bs/ day. The allowable load for contributions from
nonpoi nt sources and from natural background (LAs) is also
0.00 |bs/day because the 7-day, 10-year lowflow value is
0.00 ft3* sec (which is the critical flow condition). Chloride
concentrations at the control site (indicative of background



conditions) were about 4 ng/l during the Decenber 1993
synoptic survey, when the stream was flow ng. However,
because the 7-day, 10-year lowflow value is 0.00 ft?3 sec,
the Dbackground load is therefore 0.00 |bs/day. Al so,
al l owabl e nonpoint source contributions (which would nost
likely conme fromfailing separator tanks or hol di ng ponds, or
seepage from hol ding ponds) is 0.00 | bs/day.

However, for permt requests that may be received in the
future by the KDEP-DOW the allowable |oads provided in this
TMOL wll be nodified to account for the permtted flow
The permttee will be allowed 50 percent of the requested
load (in effect, neeting a chloride concentration of 300
ng/l). The remaining 50 percent of the load wll be
all ocated to nonpoint sources of chloride as a margin of
safety (inplicit) to account for uncontrollable or unknown
nonpoi nt sources (failing separator tanks or hol ding ponds,
abandoned wells, seepage from holding ponds, or other
sour ces).

Permt applications requesting to exceed the 50 percent
al l owabl e | oad all ocation would be approved by the KDEP-DOW
provi ded that the applicant renoved an equival ent anmount from
nonpoi nt sources in the watershed, such as separator tanks or
abandoned hol ding ponds. At no tine would permts be
approved beyond 80 percent of the requested |oad (in effect,
meeting a chloride concentration of 480 ng/l). This would
provide at |least a 20 percent margin of safety (explicit) to
account for uncontrollable or unidentified nonpoint sources.
The allocations were made in this manner because of the
uncertainty of the inpact of abandoned ponds and failing
separator tanks. An exanple of the summary of total maxi num
daily load allocations for chloride for the UT is provided in
Table 1, where a permt application requests a discharge of



6,500 gallons per day (0.01 ft* sec) into the UT at RM 4.85
of South Fork Russell Creek.

Table 1. An Exanple of the Sunmmary of Total Maxinmum Daily
Load Allocations for Chloride (in pounds per day) for the
Unnaned Tributary at Rrver Mle 4.85 of South Fork Russell
Creek for a Hypothetical Permt Application for a D scharge
of 6,500 Gallons per Day (0.01 ft 3 sec)
NOTE: 7QL0 = 0.00 ft? sec

Chl ori de Load

Sour ce: At Mout h
Al'l Sources 31
Background (use 1.0 if conputation <1.0) 1
Wast e Load Al l ocations (W.AS)
Exi sting permts 0
New permts (no of fset) 15
Maxi mum of (with offset) 25
Load All ocation (LAs)
If no offset for WAs 15
M ni mum of (with offset) 5

| mpl ement ati on Controls

Di scharge permts were required from oil producers starting
in 1987. Throughout the state, many of these permts were
not renewed by the producers because production has ceased or
has significantly decreased. Production in Kentucky dropped
from 17,700 barrels in 1986 to 9,400 barrels in 1996.
Correspondi ngly, production decreased in the South Fork
Russel |l Creek basin. The drop in production nmay have been
the result of a drop in crude oil prices worldwde in the
1990’ s, nmaking production |ess economcal, particularly for
smal | er producers. Chloride levels from nonpoint sources
shoul d decrease over tinme as dilution |owers concentration
levels in existing ponds. In this respect, this TMDL is a
Phased TMDL. Fol l ow-up nonitoring will be needed to assess
the water quality of the stream The chloride |level for the
UT at RM 4.85 on Decenber 21, 1993 was 201 ng/l, which is
| oner than Kentucky's water quality standard for chloride.



However, the biological assessnment on that day showed that
the UT at RM 4.85 was not neeting the designated use of
aquatic life, indicating that the stream had not recovered
frompast practices related to the disposal of brine.

If oil production in watersheds in Kentucky appreciably
i ncreases (which would nost likely result fromincreasing oi
prices or an oil supply shortage), permt conpliance would be
pursued, and periodic nonitoring of stream water quality,
including chloride, TDS, and salinity Ilevels, wll be
conduct ed as deened appropri ate.

Ref er ences

Birge, W J., J. A Black, A G Wsterman, T. M Short, S.
B. Taylor, and D. M Bruser. 1985. Recommendati ons on
numerical values for regulating iron and chloride
concentrations for the purpose of protecting warmater
species of aquatic l[ife in the Coomonweal th of Kentucky.
University of Kentucky. Lexington, KY.

Evaldi, R D. and J. A Kipp. 1991. Effects of oi
production on water resources in the Kentucky River
basin, Kentucky. U S. Dept. of Interior, GCeological
Survey, Water-Resources |Investigations Report 90-4191.

( KDEP- DOW Kentucky Departnent for Environnmental Protection -
Division of Water. 1995. South Fork Russell Creek (G een
Ri ver Dr ai nage) bi ol ogi cal and wat er qual ity
i nvestigation. Technical Report No. 50. Departnment for
Environnental Protection. Ky. Natural Resources and
Envi ronnental Protection Cabinet, Frankfort, KY.

( KDEP- DOWN Kentucky Departnent for Environnmental Protection -
Division of Water. 1996. 1996 Kentucky Report to
Congress on Water Quality. Departnent for Environnental

10



Protection. Ky. Natural Resources and Environnental
Protection Cabinet, Frankfort, KY.

( KDEP- DOWN Kentucky Departnment for Environmental Protection -
Division of Water. 1999. 1998 Kentucky Report to
Congress on Water Quality. Departnent for Environnental
Protection. Ky. Natural Resources and Environnental
Protection Cabinet, Frankfort, KY.

Ruhl, K J. and G R Martin. 1991. Lowflow characteristics
of Kentucky stream U S. Dept. of Interior, GCeol ogical
Survey, Water-Resources |Investigations Report 91-4097.

SS M C Martin, Incorporated. 1983. The stripper wells of
east-central Kentucky: an environnental assessnent. S.
M C. Martin Inc. Valley Forge, PA Ref . #8412-040-

94005.

(USGS) United States Geol ogical Survey. 1994. Wat er
resources data for Kentucky, water year 1994. u. S
Dept. of Interior, Geological Survey, Water Data Report
KY-94- 1.

11



